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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride 
semiconductor laser element that turns into an improved 
single mode, where no ripples are mixed onto FFP of a 
main laser beam. 

SOLUTION: A nitride semiconductor laser element is 
provided with an n-type contact layer 3 and an active 
layer 7 in multiple quantum well structure with a well 
layer that is made of InaGa1-aN (0<a<1), and a barrier 
layer that is made of InbGa1-bN (0<b<1) between an n- 
type clad layer 5 that is made of a multilayer film layer 
with a nitride semiconductor containing Al and a p-type 
clad layer 10, that is made of a multilayer film layer with 
a nitride semiconductor containing Al on a substrate 1 . 
Also, the laser element is provided with a light-absorbing 
layer 2, containing at least one layer of a first nitride 
semiconductor that is made of undoped IndGa1-dN 
(0<d<1), with a smaller band gap energy than that of the 
well layer between the n-type contact layer 3 and the 
substrate 1. 
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*©^*l»±r*a*©]S*»6. f7r^7©CW ««Jg©X F^M^igiLTB, «*.«6-2 7u 

Xf"^tt(C^77>^5n, *77>^JUft<9 (M m. KF*KB1 1 ~2 4 ym^S-D . «»©«iOr 

3&C^3ft56>) #0. 1* ~0. 3° ©|ffl©4>©* 3 B. m«2~5/im. »*KB2~4*tm"C*S. 

#*u>. ^77>wfte*5o. r *«r*5iu 30 ztc, mvif&&brft^zmit®¥m-kmm& 
-if ©«H43Ji3cS < ft <3 , $ fc«ti?isg©£{fc p S3{b»^NW*il©*±JiK: y v wmox 

mmfovw&wsmtj.tvv *#»£i,*-r< urn vvAyzmtzms, y r^M©xh^^, 

(omtm^wom^mifi^T -j vmcwo , *©±k (£3ftTi>6c£#t,^ffi£<gT3tt£c 

©y 3 -FMl^^f±^S^<^^W 3 * fiiliiLh»©a<b«J¥aM*©iHiJlttB. ^g|5±g|5©-g-© 

-So JJBSMfflfcf^fiB. JW^i3{b»¥*tt JSatt{ctb^-ca»r*Sfc*0*l»|B4fiT3-e5© 

iw*©as?)Sfi©^-fft*»©iie'rso4»^¥'. mt frhj^hidm*zmtmmmi±ifimm<o)Si& 
oim2h-tcmm¥mfcmmcmz.tfnm?>5 1> b 40 K^T«£T5war*9c©j:5&«£fflfr{c£i* 

Jltt£*»JiW*inffi3>*d' HlK«ft-j-4Jf&» ©£O4J*£#*0. C©^©±gPiC'J 7^«©X 

COi^ftilft*??^. *(^#tt©fiT V7'C7ifiJ&&ZtiZt> U— !f*^-©«ifptfJ{cSIK*> 

*5l*ec-rjSHiitc5njffitt*i*S. ^^t. ±IB© ?,fe{i^fefSL^l^cfe^©ftffitt^{l:-rSM[S]^ 

J:5tct77>i';^nfcl«4M,^Ci*5, fMBft *>S*>6-C*5. 

*©a£*HFJh-j-a&"c#* [0025] ffiSMB. sflaiiRKiag^/iSsn'r fc«t 

[0 0 2 3] ±!E©<£5ftXr^#:cc*77->^;l'3 (6SfiSS©^' ^ 7 rl^MSt, etdftSlSfi 

ItB. WfflKUfc^WMlft^i^fc ttt. iitfAlN. GaN, A 1 G a N . MInG 
BR5ESLK < l»14K*£-r*tm?*fttf1$K|®5£3ft 50 a N*Dl»r*l**9 0 0 "CJiiT 2 0 0*CfcU:©SK 
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£»fiiSfi©3<b«!¥3MMI £©ft*5@K*IE*lt 

itm¥m»tb-C\t, 7> F-7'OG a N, nIWi 
§F-7'bfcGaN, £fcS i £ F-7'LfcG a N£ffl 

OO-C-l 10 0-C, 0t L < « 1 0 5 0 -C-CA >77 

l~20jum. !lfSL<ii2-10fimT*4. 
[ 0 0 2 6 ] &K«««*JBiaLfc±K. WHIl^W 
4iKIMfi3tfT3tt*J¥^*«14£S. £©* 

aNX«^*6« (WAtiS i. Ge. Sn, Be, Z 
n, Mn, Cr, RVMg) £ F-T'UcG a N*W 
fiXSfigi ITtt, M*.tf 9 00'C-l 10 0 
°C, .fcO^ffcWCCtt 1 0 5 0*C#a©jttKt?fiSfi3# 

*u». etSKifcisfiStis™*, jssaut*3> 20 

Ma-;H,Bl>MOCVD (**£Mb¥jMBlAJti£) 

ftfc»©fiRfi*HVPE FiMBrtfiffi) ^"CfiS 

[0 0 2 7 ] #CC, JM?«dcfiO'C» 6tlfca^fc»*J»(t 
(■9-7r^T»©Jl#«K*W"r*) £St££UC©± 

Wl>7>F-^0] n 4 Ga 1 .„N (0<d<l) #> 

«. »l©^fb^*2»{*i7> F-7'©GaNfr6&& 
IS 2 ©Sib^jfft i 4*ft*ft4>& < i t 1 »«±» 
1 L T & 5 £Jf fllfr 6 & 5 jBftJRJl* J&ST ^Ci« 
*»J0W2©#|fflB. frEOfcaor**. 

[0 0 2 8 ] ^K, nS3>^H3etRt2± 
CaaSS-e-S. nS3>f?Fii[/X«, nlWl 

(»SL<«S i) 4F-^3nfcA l.Ga.-.N (O 
ga< 1 ) fcfiRSSli. *?Sb< ttatfO. 01-0. 
05©A l.Ga l ..N*tSfi3'tta. nM3>^^hli 

jwa i %^tf3 7csar^jS3n4i. a<b»¥*f*a 40 

1 i*©iRJ12^n>Sn>£? FJf <t©&^5£iSt&tf;* 

wmmommcxh n ss a > * * f h3^©mb& * 

5 ?*©|B£4l*±rSC U>. nPtt 

»F-7-liLtli, 1 x 1 0 18 /cm 3 -5 x 1 0 
Vci'ttS. C©nMn>** FJ13CCnSffi# 
nSn>3? £ Fit 3 ©HJ?£ OT^, 1- 
10(imr*5. Jfc, »itX12inan>^i' FJf 
StWBIK. 7>F-^OAl.Ga,..N (0<a< 50 



i) *j5SSS-&rfc«t<. c©r>K-^©Jl%fiSS3 

1**£?iSJIfl#&*f£&»h 5ff#1#tt£r6j±3-t*£©{C 
*f*U». T>K-^ng!3>*^h)i©l!W«. »u 

[0 0 2 9 ] ^K. *5»i'l56j|J14 4nSi3>ifi' F 

F-7*© 1 n.Ga.-.N (0. 05gg^0. 2 ) *(S 
fiStt, »3EO<tts*i0. 0 5-0. 0 8©In,G 

a 1 _.N4(SS3-l*S. C©*5 ? *E*±J14 tt. £Bg 
-rSCisftJ-C***!. ^7 i7|»±H4>&nS3>^^ 

■*-*©£»* U>. SiOF-^lilTB, 5X10 
,s /cm 3 -C*S 0 *fc. ^7 7^K$±14^fiSti 
In©SfiJ:b*^*< (x*0. l)fl>£. 
*5?*l«ltM4j6*. ffittH 7 LnWfy y F 

©77-7 ^-JUF^f->©a*i*l»Jt-r5C:i*st? 

»ttbtti>ga©»*r*o. WAtf*ft»K«o. 0 

5-0. 3(imt*i„ 

[0 0 3 0 ] nm95vVmSZ*7v9Vi±M 
4_k<,m&2l*Z>. nS^77F15iL-tB, Al. 
Ga,..N (0. 12<e<0. 1 5 ) £^tfig<b¥« 

fe**U Al.Ga^.N (0. 12^e< 

0. 15)ii. COALGa.^NiiBSEORiiaa 
{t?»¥*tt. W*l;m©iIfi , ct©l*&S«>©. In!; 
^■CttS37cfifi©fc©. XttGnUmfrhKZmt 

L^ffl^b#iLT(i, A l.Ga.-.NiGaNi* 

anb-c&a^jgiti-rsi* i5]-ae-cigB H Btt©s^ 

RtLB. 7>F-^ , ©Al 1 Ga 1 .,NinS^tCi) 
(WittfSi) F-^OGaNitMLt«t41ll*^ 
to-a-C*So nSWilB. Al.Gaa-.NKF-^S 
nr4>J;C> 0 nSW«©F-7lii, 4xl0"/c 
m i -5xiO"/cm , tM. n39*K»#C©*H 

tttoftt*. cCcfc^tt^lilltt. #-M©)Si¥* 5 1 0 0 
t>^X FB-AUIT, »*L<»7 0*>^ha- 
AfeTF. 3 6(C»iU<»4 0^>^XFn-AOT. 

*fj!iy<Bio*>'yxFP- Ajy±©jgji comtm^ 
wtm*mmbxt£z>. ^-©mji^ ioot>^F 

a - A Ji(T-C* Sinfif^sF H^jS^fltiS i ft 
9 . A 1 fcdWLTt^fcfcjtofofefc-f. 

4*i»±"C*?*»tt*fi*ftrt-ac43&J"r*4. tit. 

nm?5"J m5<Dffl&mtLXi*. 0. 7-2/xm-C 
0. 0 5-0. A 1 ©^fififc&iCOftH? 
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^ cc u - vws& £ ©H«f*©£*»* © cat? * b t » 

[0 03 1]^(C nS*M FJi6*nffld>5» FB5 

©GaNfr&&SB{t*MNra*J**fc3*4. nf*V 
KHeoBWiL-Ttt. 0. 1-0. 07/imT*££ 
0*lMftWSTt/»*U>. nS#^ F«6£7>F- 
^itSCir. U-^jffl8rt©£a^#8^U 

[0 0 3 2] ^tc, fiH4»7*nS!^-< FH6±K|£g 
tSffil 7 am I iuGa^N (0*b< 

1) £^Tft&£fiS^#F«jgr$>£ 0 t£tttf7© 
#FJ1£LTB, b#0. 1-0. 2©In 1 ,Ga 1 _ b N 
t?*0. KS«£LTtt 1 b#0-0. 0 1©In„G 

«■©!.» -rtu&>-* * ttitm^ K 4 F - 1 ur 
«fcl>. »*0<«»g)l«:^««l*F-^3-l*4£. b 
St,Ht*MSTL*y*U». #F»©KJ*£ LTtt. 3 0 
~6 0*>^ho-A-c*0. »SJ1©JBW£L-C 20 
B. 9 0~ 1 5 0t>^ hn-A-C*-So 
[0 0 3 3] Sffif 6 ©^fiS^#F«3iiB, KSUifr 

<ttlW)i*6tt*0. #F@£WHB£©^T^2- 
5[3l«iMLTft£k©, $f$L<B#Fli £»«£«£ 

[0 034]*c, pS*?WCi4a&«8*rSttli7± bo 
SO&giSttS. pS*^BBCii»)i8£0rtt. Mg F 
~7'©A l ( Ga,. d N (0<di 1) fr<=>ft£^ft< £ 

fci*«±%iSS3ttTfc$fc©r*a. ff*o<Bd 

#0. 1-0. 5©Mg F-7"©A 1 d Ga a . d N-C* 
S. p39*^Cii'AJ18©IM«. 10-1000* 

-At?**. RW*s±iE«HT?*S£. ritt)17rt©« 

<»A*Ci**-C*»*H,». SfcpMfc^&Cji&l 
8©Mg©F-7*SB. lxiO'Vcm'-lxlO 40 
"/ci'TM. F-^"«*JC©«Ht7*S£. 

issstisps^ FH^Mg^mjtfKffiiit^n, «js 

Jf-Cab-SpS^-T FJIQKMg* 1 x 1 0 16 /cm 3 - 
1 x l 0 18 /cm 3 ©fgfflT^W$-tf£C£#-C£S„ 
Sfcpa^-fWJjifeJlSB. WLB8 5 0-9 

5 0 °CliS©ffi14 ! l>&/S6S-ti-4Sa£l^«©fiarsg 
fi3-tt*ifiStt)i©»J»*l»±-r5«:43W-C**f*L 
t>. t/c P S*THDiito®8B. ffifi)&ft©Jf£. ift 

s, m«rsttH©j&sfiK«fcg i o o-cfia©?asT so 



fjXg$#5Ji£©2 , i*^^3nr^rfcj;^ 0 c© 

±5K. 2MTttteR3ftTt,»Si. fififiJES©M*iffitt 

■e*©r. *fcpsm^MDiA* 

)18^2Ji*^^$n*i«^©#)i©)iJ¥B, #iC|5g 
SStiftt***. ffiSJ&BJlBl 0-5 0*>^* hP- 

A, Sfi(SSBB5 0-1 5 0:t>^x hn-A*sjf* 

[0 0 3 5 ] ^tc. pi*V FB9 4pSS^KI;jA» 
H8±tCfiXS$-fr?,„ pMtfJ FJ19 £ LTB. 7> F 

- 7-©g a h ft imtommm t ursss s -ht 

ft£ &©?#>£„ MffBO. 1-0. 0 7wnrC*'0. 
C©|5B?&££LSC>lI#ffi<ftf5$?*U>„ Sfc± 
ISL/fcJc^iC, pSW-f FJB9 B7> F-^Jf £ 
fi£-tt&#\ pS«^HDii»li8K:F--:73*n:(,»4 
MgflSffit&OT. lxiO'Vcm^lxiO'Vc 
m 3 ©IbHTM g ftS. 
[0 0 3 6 ] &fc, pIf75h , 110*pS<f-'F| 
9JOdifi3ttS. pi^7 7 FH 1 0 £ LTB, Al, 
Ga,.,N (0<fgl) ££^ft 
I. A 1 ,Ga,.,N (0. 05^f^0. 1 

5) z^AsVtemitmm&mzmzmmomt 
LTffMsn*. ^iiBS£B. si>K«j£#g&ss{t 
mm»m*:WMbit&mmt&'c*>')> ai 

f Ga,. f N)l£ > Al f Ga 1 .,Ni«©IftS^tt 

*J»<*. m«A 1 ©«fiifc©l*&Sfc©> 

rft£3 7cSfi©4>©, XttGaN3W>e>&Sli£*ll& 

.^bttrfflifbTft £*>©-?£>&. c©WiLi,> 

i^Miltii, A 1 rGaj.rNiGaNi^Sl 

0B. 7>F-7'©A l.Ga^rNipiW 
BMg) F-^©GaN£%8W0TAj:Si(a*^fettr 
*£ 0 pS»B, AlfGax-rNKF-^StlTfe 
«fcC>. pfflWHKDF-^«tt. lxlO'Vcm 3 - 
lxlO'Vcm'-CM. pS^K***C©«Ht:F 

- V 3 h r t » * £ ft af£« jR« to ft 1 4IS© F - ^St? 

fJ6ta*5{£ < ft 0 $?* 0 1>. C © ± 5 ft £HJg 

B. *-»©■««** I00t>^h n-A«T. »* 
U<B7 0*>^XFa-A^T. 3 6fc»*K»4 
0^>^^ hn-AJ^T, df$L<U10t>^hn 
-A^±©jgw©g{b^2i{* , i^Jib-cftSo 
©)^W*3 1 0 0^->^X M3-A«K*5inS^7 
» K)l3&J|B*f«ai<e»). A 1 tdflrOTHSfcfc* 

*^p>-r, *©i^*i*±-cs*satt*s*TK:-r 

B. 0. 4~0. 5)imtM, C©ffiH-C*S£)H^ 
lSj«E(Vf) 4fi»rsyt*K»* 01*. ttcpMi? 
5 v FH©±f*©A 1 ©TOD&B. 0. 0 5-0. 1 
C©fflB, ^7 7^©|6i4WJLfioU— «f 
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[0037]*K, pS3>^Hll^pf>;7 5 [0 04 1] [H*m ] SKMf»l £ l/t. H 1 

FBI 0±CO&gSit£ o pS3>^^Hiim h4^?8©-^afc©»»r*4a{b«¥*ftU---!f* 

r&sfc©?**. wnsi o-2oo^->y^ ho- [0042] mmm^tix, Hs^Tj^itxr* 

ATM. MgfflF-^'lttlxiO'Vcm'-lx 7m^7 7> ^3ftfcCffi£±ffl£ U ^7>^ 

1 0' Vcm'tM. C©«£ ; 5flI«£Mg©F-7"S ;Ufc0 = O. 1 5" . Xf-»^aHte«fc-e2 0*>^ 

*IWrr4CiKJ:»}, pln^WHHO+t 1 ; hP-A, f 5Xi|iiWteJ;^8 0 0^>i^x hn-A-c 
7i*/£#s_tJ*U pffe©t-5 vi?1fib*)*>?< & ^y^^ffi^Affiib. Xf-v^AfflKSier 

So 10 *i*7r^7WtJSlt5. C©?7W7S«* 

[0 0 3 8 ] *»H©*^K*JI,»T. U » yjKtt©^ F SfcSHSrtfc-te » h L . S££ 5 1 0 "CK Lt, * + >J 

^7b, P i3>^ hjg*6x9^>y3nrpga 7^rti, n«x(c7>*-7iTMG ( mj^ 

3>fi»HJ:"3t>Till(iSI) STiyf^^Sh ?;U#y7A) £*ffll,». If 7 r 47SS±KG a N<fc 

■SCiK.fc'U&SSfia. 0tetfHlK>n-f<fcV«rp§9 0 &4ffifiJ5fcfi©^ 7 7 J1£ 2 0 0 F n~A 

3>^F®1 l*6pI?7?F110Oiit|iJ!Ti ©RffTlSSStti. ^?7TlSJfi». TMG©&lt 

•;f>f[/T4W 1-7^, XttpSrO** Ml S>T. SK£l 0 5 0°C*T±#^tf. 1 0 5 0°CJC& 

l*6nSa>$?H2iTi7f>yLtft^Xh o/c^, Mf4*'^(CTMG, 7>*~7. ^>#X£ 

v 4 t* 1fimi 6*1 S. JflH. T > F - 7"© G a N frh H Sffiattft©" -;7r 

[0 0 3 9] i»?>yLtM3n/c'i^M©X JB*5*/m©*AmSSi*-liS. fcflfiRS©'** 
F 7 7©ffliJffi^©ffliJS{caiiKbfc^tiBJ*3»ft:B© 20 7 r t,/t7 x -^Jbfc* F 5 4 7«©7 * F v 
¥ffiK. «A«HlKiWJ:9K, l^-1f*MfW(© C V D«jttc«fc 0 x F 7^ 7li l 8 u 

JB*f*4:0/h3C»«4*-r4»«II^BJE3hri»5. m. K»©*3 /xm©S i O, «fcO&5fiWll*0. I 

Xh7^^©«li»K^3h*«MI4Lm W*. (imOlWt«lW4. «SM©X F 5 4 limm? 

«. ffl*T***>l. 6-2. 3ttjfi©ffl**rfa. S T47Afflfc»L"CS«ft:&flr**. MRtt, 

i, V, Zr. Nb, Hf. TaJ:»)&SW*»&j«R3 •> * -^JSSSSIiC&U 1 0 5 0°CiCT, JRH*/* 

hft:fJ>ft<£fe-«©7aR*dtrBWt«l*. BN, Al iCTMG, 7>*-7£ffll\ T> F-7'©Ga N<fc 0 

N*&W 6ti. ff*L< tt. Z r&tfH f ©BMfcft© &S3<t*¥aW**>& 1 5 mOMrtffi^ffltHl 

HI l©aiB(Cp«««i»ASti«. i»f^flt» 30 [0 04 3 ] Ofe«JK«2) ^t^^SSliic. 

BSStliy 7^«©XF7^7'©*i<bL-CB > 0. 5 7 8 0 °CCM4*'X(CTM I ( F Mf^Oi'') 

~4mm. }f*l<Bl~3(imr*4. XF^O'© A) . TMG, 7>*-7 ^*II,>7> F-7"© I n 

ig*iC©tBHr*S<t. K Ffctt ,.,iGa,., s N«t0tt'5»l©a{fc»^NIft J fe5 0 0* 

9fl<*?*W>. *fc. i7f>WpSi77^'ll >yxFa-A©W»r»Sfi3'&, K^T, TMIM 
0 t \s-VWmmt<DimX. K feSttaBKcfrtf-Cfc 7> F-7'©G a NJ: 0 &SS2 ©S{b»^3fft% 

S*irc>4£. 7X^^FJt*lKjtt-3W5©{c»*l/ 1 0 0 0t>^ FP-A^J«. fOt, C©» 

Xh5^l, S6KXF7^7-©ffliJffl©*6i» 2©3{M&¥*tt£*S»U *MW4 5 0 0 *>^X 

JBI©JB«T*&f*#3e-r4£. #-*-F©U-1f*^ Fo-A©^JMIJ:»)tta3l6!RiR*2*JSfi3-&S. 
If^n, 3 6(C7X^* Ftb*nffJ{ca-W36ft. U 40 [0 04 4] (7> F-7nM=i>£7 FH) [Site 

mmm^Oo^X. plS^nlifi^tSW 3foftiKJf2±&C, l 0 5 0'C-CM*4#XK:TMA (FV 

*©fc©*agaS?LTfli(,>4C£#rS4. ^;i/7;U5-3 a) . tmg, T>*-7iiz*m^ 

[0 04 0] 7>F-7"©A l,. 1! Ga,...NJ:f)Wnl3>ii^ 
[HJtWI] «Tic*aw©-HJt©^*-C*SiejfcW% */m©)li¥-C)SgS-ttSo 

^-r 0 L*o*i»jittchcciHsg3n&t». (n^=i>^f FH3) -&tc % iu«©aa-c, HI4**X 

WiJfiMOVPE (W«£S$Vfflf&Bft) {C-3(,»r*f 0CTMA> TMGM'7>t-7^*fflH, ^*$®** 

fc©r**#s. *«IIJ©*i*ti. MOVPEffiCCK-S^ X(C^^>^X (SiHJ Si?:3xi0" 

©■TB&<. WABHVPE (^^^ Fatffiffi£&) . /c m 3 F-7L/cA 1 . . . , G a. ... N «fc 0 &4 nia 
MBE (^?«afflJSfiffi) 2iimm#iimS SO >^^FH3^3Mm©)gJ¥r^SSttS. 
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[0 0 4 5 ] (*5»*ttjbi4);Wc. fi**8 0 0 *ti*ftl 0 0@»!)$El,TAJl£BJi©8MU HSU 
■Cfct/C. JWfltfXKTMG, TMI ( h ».M*;U-f > J¥ 5 0 0 0 *>^X F 0-A©^»* «fc 
A) &tf7>*~74fflt>. fC^7># »)65pS?7? FBI 0£fifc53'tf4. 



,.,.Ga,. iI NJ:9tt5i'7»d>|»lhJi4*0. 15m APT. II^#XKTMGRJ>'7>*~74fflt,\ ^f*B» 



O'Cicor. JS^KTMA, TMGM7>^7 0 h a-AOWraKSStt*. 

T>F-^©Al..,,Ga.. Ii NJ:«Jft4Ali [ 0 0 5 3 ] St6»7». Kt&SSrtfcfcOT. tfi^ 
42 5*>^'X Fn-A©MJrc/£fi;*t!\ S^T. T 10 4^*#ffl«*. 7 0 >^*m>. pM 

MA^ifc, «f^ilt->7>^*»>. Si ®£HKffi&in<b-f£ 0 7--»J>m 3i<"*Kl6 

45 x l 0Vcm J F-:/LfcGaN«fcr)&SBB4 SS*6»0fflO. £±B©pffliJn>£* FB©«c 

2 5*>*xFn-A©lWri!fcBi*1*S. *L"C. c S i O, J: 9&Sfi8Mt*JftdtOT. RIE 

©am^n-en 1 6 o@»i)iiLTAB£BB©BiB *>x7*>io 4^s i c 1 .^woi?^ 

U «iJ»8 0 0 0*>^Ha-A©*Jill(aB«hP *U 04 K^T J: 5 it, nSffi4Jfr£f ^*nffi3> 

«£) «fc0tt4nffl**» FH5*)SfiSli*. * * HI 3 ©3tffi4BfcH$tt&. &KH4 (a) K^f 

[0 0 4 7 ] ( nl*'-f FB6 ) Wc, ISJttOfilTC. iSfc. &±B©pffiiJn>** FB 1 lOaH^ffiK. 

JH*sf^{CTMGSV7>*-7*ffll». 7>F-7 - © PVD^gCCtO, S i M (£iOt. S i O, ) 

GaNAOftSnS^ FB6 40. 0 7 5 wm©)jl^ «£9tcS8 1 ©ffi«K6 1 *0. 5 u m<DM!$-~CftZf& L 
TfiSSS-l* &. 20 fc«. tK 1 ©«»BS6 1 ©_Bc3rSE©J&tt©vx 

[0 04 8 ] (r§tt!7) JWc. S£48 0 0°CftL W. 7 * F F «fc 9&*83©filllll8 34. X F 

t, M*4#XJCTMI. TMG&J>*7>*x74fflt\ 947*1. 8dm, 1 um-CBl&?Z. 0 

W^iOti/7>*'xm\ Si45xio l * 4 (b) KthTJ: 5 Ctl&3 ©&1SM6 3», RIE 

/cm 3 F-7'bfcI n„.„iGa„..,NJ:?>&4l*WI (SJSttY*>x»^>^) KB(c<fcO. CF,#X4 

41 0 0t>W Fa-A©HWCBJE*3'tt4. ttlr> flit*. !&3©«S)g6 3 4 vx ? £ bt, flUffi^ 1 ©ffi 

t, ^7>^^Jt*, 7 > F — 7"© I n,.„Ga,.„ SI^-^y^Lt, Xh7-f7lit5. *ffltftx 

N <fc 9 & * #F B* 5 0 * > * X h a - A ©gWr fiSfi ? * > mv^M U T 7 * F U ^ X F ©& 4 BfcSf 6 C 

C(DiM3@ii3lU ftftCCMSBSfllB ifCcfcD, 04 (c) lew* «fc 5fcpflW=J>** FB 1 

OfcW5 5 0t>^ hO"A©^ll^pi« 0©±KX F9 47if§l. 8/xm©»l©««lt6 1# 

(MQW) ©7£ttB7 4(£fi3-t±£ 0 30 

[0 04 9] (pS*fffltii»H8) ra»Dfi [ 0 0 5 4 ] § 04 ( d ) K^f «fc 5 K. X F 7 

fltP. KtttfafcTMA. TMG&0'7>*-74ffl 4 7'«©m 1 ©ffiSR 6 1 ffgR I Efc«fc>J S 

t>. ^WXiLTCp^g (i^n^^ix iCl,*'X»t, pflB3>fd'Hl 1. fc<£J>* 

JUv^*i^A) Mg4 1 x l 0"/cm i F pWf 7 7 FB 1 0 4x 9 j^l/t. Xh?^! 

-VLtcA l..,Ga.. i N«fcOttapffl«^BHi;ii«>Ji 1. 8/im©y^ftt©Xh7-/7-«l!«. fi 

84 1 0 o*>?x hci-Aowrcisfistts. 0, y ^Mox Hv^^t. 01 cc^-r^^tc. s 

[0 0 5 0] ( P S*V FH9 ) fiS4 1 050 mS%(T5IRK»JiS0fc«IHI©±aiJ-Cfl-3fii||gt© 

°Cft LT, Jj5M#*«cTMGaa t 7> j e~7*ffll>. 7 4 J: 5K3(£SftS. 'b^h7^ 

>F-7©GaN<fcO&*pg#4FR9*0. 0 7 5 •2r*-'v&PVD8BK#&U ^ 4 < e > {c 

ym©HWC(Kfi3-liS. C©pl^FI9tt, 7> 40 mtZStC. Z rlKb* (££ OTZ r 0,) «fc9ttS 

F-^iUTJ&RS pM*T-Ki;ji*Ji8*«6 3?2©«SR624, 0 1 ©ffiSIR6 1 ©±i, uf 

©Mg©t£»{Cj:»). Mg*K#5x 1 o'Vcm't >^cj; <9&tti3tifcpffl7 9 7 FB 1 0 ©±K 0 . 5 

[0 0 5 1] (pI^7^ FBI 0) #fc. |5H$©?fi£ Zmm?Zt> p-nl©»i5fc*i, »*- F 

•C, Mf4**X(CTMA. TMGR!y : 7>*XT4ffll\ ©£S40£ C U>. 3*-^4"7 

7>F-^"©A l,. 1 Ga,..NJ:«Jft4AJf*2 5*> vMtCftttU 04 (f) t,Cfn?£*>t,C, % 1 ©«HSg 

yx Fn-A©KJrej&g;*-fci\ fe^r. TMA4± 6 i*'J7 h^^ffitcfcOB^-rs. 

A. T«*'XiltC P! Mg», Mg45xl [0 05 5 ] ^iC04 ( g ) (C^T^ ^K. pflB3>f 

0 15 /cm 3 F-7 , L/cGaN<fcf3&-5BB42 b*y i> FBI 1 ©±©fg 1 ©«3Ji 6 l«*$iiTSaiL 

^x ho-A©gw-ejsaEss-es. -eur. c©iwp* 50 ^©pffi^^^^ fbi i©affl(cN i/Au ±15^ 



X4ffl^. S i 45 x 1 0"/cm J F-7*Ufc I n 



[0 05 2] (p§9:3>*?PBl 1) #5C. ^S©fi 



m©gS/»T{SS3-&4. 

[0 0 4 6 ] (nf?7'> FB5) #tC. Sfi4 1 0 5 



tfXil/TCp.Mgfcfflt,*. Mg41xio !0 /cm 3 
F-7 - L/cGaNctO^-5pM3>f f FH 114 15 
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4p*S2 0£JBjfc?S. (ILplt20ttl00ym 
«R6 2©±{C«-,T:^fiR-rS. *2©gOK6 2Ktt 

«. a i cc^s «fc 5 kshj $ ti-fc nia > * * f n 

3©Hfflic«T i/A 1 J:0&4n*fi2 1 Yr>4 

[0 05 6 ] tliOi'XCLt, nmffiip^Si^Jfi 
t&Ltc? x.~^(DV-y r -J7Mffi.$:W&LX:7 0 um£ 

6><-tRK:|*HU H^ffi (11-001, AfcttK© 10 

♦SfioffjfficctB^-r 4ffl= MM) {cftjaB*fasi-r a. 
sfMUMic s i o, i t i o, «t k> timnwmm*^ 

HC^f<fc5&U— WfH^f-S. &*5&JgSfitt3 0 
0~5 0 0/imiT4Ci**a*H,». fcl&tifcl/— tf 

^%t-h^>i7{ca9Siu. **a*ft©**&74 + 

-tf ^fw >f LT, SfiTU— »ff&£*K#fc. ^© 
£&. £»{C*Jl,>'C0St>iB2. 5k A/cm*. Ot 
l>ffiSE5V-C, %&»£4 0 0nm©iltt«&tffki8 

$n, gfi-ci^ra«±©^#^7KU, M(cnM3> 20 

fttH 3 ti 4 1/— !f*0 F F P K tt U 9 jft£ C £ & 
Kift*. 

[0 0 5 7 ] [|t»W2 ] Uliffl 1 fcfc^T. «X1 
2 £feJT©J: 5 KflMirflWSS **ffittlBHiK: OTBifc 

atmm 2 > ^t^*a»f**« 1 ±k, 7 8 0 -c-cjk 

IWXfcTMI ( h ';>^W>y-5A) . TMG, T 
>*.=-7#*£ffll>7>F-7 - © In 0 . 15 Ga 0 . Bi NJ: 
9&Sm©3<fc«l¥*tt"&0. 2um©JR«?fiRS3 30 
■S*WRJ12*JiSfi3-&*. *6hfcl/—!f#Bt. H 
Jfcffl 1 i ««B»cft»tt FFPf, £ff ttftfttt&fc 

[0 0 5 8 ] [»M3]iiWlKfcl>t, pgt^ 
Wtii«))i8*«T©J:9K2)tA»i5«iaS3*4ttH:BI 

(pM^T-MDii&lf 8) 0 O'CJCOT. JRH 

^KTMA, TMGM7>*-74flr>, ^Fltffttf 
X£LTC Pi Mg (^W^iiyi^vn^ 
A) im^s Mg^5x 1 0 1B /cm 3 1 40 

■ .,Ga„..N«fc9&SffiiBfiRg©AJl*3 0*>^ F 
O-AOHffTfiRSS-l*, RliTflKSQOO'CKO 
T, Mg*5xiO ,, /cm i F-7'l/cAl,. l Ga 
„. 6 NJ:9&4iftfij£g©BJf£7 0t>W FP-A 

©n/msg stro: stasis© a m t «i&ag© b 

4. 

[0 0 5 9 ] [H*W4 ] Hffiffl 1 KfcHT. ^-^ 50 



4$H2 0 0 0- 1 9 6 1 9 9 
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S5±JI4 4JiSg3tf5ISKC. In©MM0. 2£b 
T, Si?:5xiO"/cm J F-^0/£ln 1 . i Ga 
...N«fc0&**7?*E&ltJI4*0. 15ym©Jiil 

tcLtcfttf. yt®MM2ti> ; 7 v FW±H4 £-CPRiR3 
ft. FFP*J5g*fflll ±"3S#K:ttS. 
[0 06 0 ] [HJ&M5 ] H«sM 1 (C*Jl>r. jftftiRJR 
2 £OT©i: 5 KMTSfl&ttlsJSK i/— «f jfrf* 

(«l 2 ) 1 ±tc. 7 8 0 °C-CM 

fMttfcTMI (FlM?;W>y-?A) . TMG, 7 
>*~7#'X£ffl^7> F-7'© ln„. ls Ga 1 ., i NJ: 

o &s» i ©g{b^¥«ft£ o. u m©)i/rej&g$ 

■tt. tftOT. TMI£±&. 7>K-7 r ©GaNJ:t)& 
4*2©aib»^ft%0. 3 j/mfifcgSttS. 

t, c©»tt*-e*i-eft2ii»9igLT. m\v>mtm 

tfm©i»ig|«fc*)C:4*«J|JW2*JSfi3-tt*. f#6ft 
ft£ 0 

[0 06 1 ] [MkMe] WfcWlKfcHT. XMXJI 
2 £JiTF©J: 5 Sfl!!ttEI«K: Ltu-Dlft 

ftK-rs. 

(#!WUIi 2 ) afkW*<*»« 1 ±CC 7 8 0 °C"CM 
f4#*KTMi ( F ';y^;W>i^A) , TMG, 7 
>*-7#X*fl3l>7>F-:/© I n,. ls Ga,.„NJ: 
U«c4»l©a<b»^*ft'&0. 0 1 um©J«rCfiRg 
3t8\ TMI£±fe, 7>F-7"©GaNJ:9 

&4»2©Sfb8MM*{**0. 0 2umfiJEfi3-eS. * 

ur, c©»re**ft-eft5iai*r)jgt/t. *i©3*b 
»«<*£m2©a{b»3if*£ ; &a«o, tamo. 

1 5 um©*JlllJ:0tt4*!RjRJB2*fiSfi3'&5. f# 

[0 0 6 2 ] [|Ut«7] H*«2(Cfcl>r, T^IRJRI 
2©gW£0. 5tfmifSfl!Jttl§I»K:oru— tfSR^ 

[0 06 3 ] 

[^H^©^] $^Bj§« s U— tf3fe©F F P# i; , ^ 
©&(,»&»&#-*- F £ ft4»MII*j|Mt l/— WR^f- 

im n h i ». *»H©HWi©»iir*4»b»¥ 

«ft U -If ST- iSKIKIit * 4 . 
[H21H212. VVyJ70m-htiL*m?3.=.'j F-fe 

[H3]03(i, *7 7>^0fcSflSifi©a^W<t 
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